Abstract : Athletes sometimes experience overuse injuries. To diagnose these injuries, ultrasonography is often more useful than plain radiography, computed tomography (CT), or magnetic resonance imaging (MRI). Ultrasonography can show both bone and soft tissue from various angles as needed, providing great detail in many cases. In conditions such as osteochondrosis or enthesopathies such as Osgood-Schlatter disease, SindingLarsen-Johansson disease, bipartite patella, osteochondritis dissecans of the knee, painful accessory navicular, and jumper's knee, ultrasonography can reveal certain types of bony irregularities or neovascularization of the surrounding tissue. In patients of enthesopathy, ultrasonography can show the degenerative changes at the insertion of the tendon. Given its usefulness in treatment, ultrasonography is expected to become essential in the management of overuse injuries affecting the lower limb in athletes.
INTRODUCTION
The three major imaging modalities used for the diagnosis of musculoskeletal disorders are plain radiography, computed tomography (CT), and magnetic resonance imaging (MRI). Ultrasonography has recently become a notable fourth imaging modality as a result of various technical advances such as the improvement of linear high-frequency probe. Generally, plain radiographs and CT are useful for bone injuries such as fractures, while MRI is useful for bone and soft tissue disorders. Each of these examinations has its merits and demerits and they are often used to complement each other. However, ultrasonography can show both bone and soft tissue from various angles as needed, providing greater detail in many cases compared with other imaging modalities.
Athletes often experience overuse injuries. Pain typically occurs in the joints under high load in a particular sport, such as the elbow joint in baseball players and the ankle and foot in soccer players. To diagnose these injuries, ultrasonography is often more useful than plain radiography, CT, or MRI.
In this report, we introduce some characteristic ultrasonographic findings in sports injuries affecting the lower extremity.
OSGOOD-SCHLATTER DISEASE
Osgood-Schlatter disease was first described by Robert Osgood and Carl Schlatter in 1903 (1, 2) . The main cause of this injury is repetitive traumatic traction at the tibial tuberosity by the quadriceps muscle. The traction force causes destruction of the apophysis. Onset of Osgood-Schlatter disease typically occurs in adolescents aged 10 to 14 years, and affects mainly boys involved in sports such as soccer, basketball, and volleyball (3). Characteristic symptoms include pain on motion and tenderness and swelling of the tibial tuberosity.
Diagnosis is generally made based on clinical symptoms, but imaging methods can show certain characteristic findings. Plain radiography or CT images show an abnormality in the secondary ossification center, ranging from irregularity of the apophysis with separation from the tibial tuberosity to fragmentation. On the other hand, ultrasonography can show greater detail for the area surrounding the attachment of the patellar tendon. It can detect every pathological feature in the clinical course including cartilage swelling, fragmentation of the tuberosity ossification center, patellar tendon lesions, and reactive bursitis (3 -5) . Using these ultrasonographic findings, Czyrny classified Osgood-Schlatter disease in three types (2) (Fig. 1 ) : type 1, delamination of the internal ossification center ; type 2, delamination tear or fracture of the epiphyseal part of the tibial tuberosity ; and type 3, delamination tear of the ossification center resulting in irregular deformation of the tuberosity. The presence of bursitis is also considered a characteristic finding. In many cases of Osgood-Schlatter disease, neovascularization at the insertion of the tibial tuberosity is noted. The amount of the blood flow tends to correlate to the degree of pain (6) (Fig. 2) . These types and findings sometimes affect the strategy of treatment of this injury.
PATELLAR TENDINOPATHY (JUMPER'S KNEE)
Jumper's knee is an insertional tendinopathy of the extensor apparatus of the knee, which may affect athletes participating in various sports at every level. This syndrome is characterized by pain at the insertion of the quadriceps tendon at the upper pole of the patella (20%), the insertion of the patellar tendon at the lower pole of the patella (70%), or the tibial tuberosity (10%) (7) . Diagnosis is typically based on medical history and clinical findings.
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Imaging techniques such as grayscale and color Doppler sonography are valuable tools for confirming the diagnosis and providing guidance for treatment. Grayscale ultrasonography shows thickening and a hypoechoic area at the proximal part of the patellar tendon (5, 8) (Fig. 3a) . Alterations in the tendon structure at its insertion on the bone may also be seen, which are correlated to mucoid degeneration (3). Furthermore, Weinberg et al. (9) and Terslev et al. (10) showed that the presence of neovessels can be demonstrated by color Doppler ultrasonography in some patients with jumper's knee (Fig. 3b) .
Treatment of jumper's knee is mainly conservative in the first and second stages of severity, relying on the administration of non-steroidal anti-inflammatory drugs for 1-2 months, dry ice compresses three times a day, and bandages. This condition heals in about 6-12 months ; however, if the symptoms do not resolve, surgical therapy might be necessary (3).
Recently, several new conservative therapies, such as plateletrich plasma (PRP), extracorporeal shock wave therapy (ESWT), sclerosing, and fenestration, have been introduced. In these cases, ultrasonography can be a useful tool. Autologous growth factors are delivered locally in the form of PRP by injection to the tendon repair site, and PRP has gained popularity as a potentially useful regenerative therapy for jumper's knee. When PRP injection is performed, ultrasonography is helpful for accurate identification of the injection site, which shows pathological changes such as a hypoechoic or hypervascular area (7, (11) (12) (13) (14) . ESWT has also become a widely used treatment (7, 15, 16) . While the mechanisms underlying its effects on tendinopathies remain unclear, analgesic and stimulating effects of ESWT on tissue regeneration have been suggested. Recent advances in ESWT machines enable identification of the treatment target using ultrasonographic guidance. With respect to sclerosing treatments, immunohistochemical analyses of tendon biopsies from hypervascular regions have shown nerves located close to blood vessels, which is possibly why ultrasoundguided sclerosing treatments have been effective (17 -20) . In addition, treatment by ultrasound-guided patellar tendon fenestration or arthroscopic shaving has also been reported (17, 18, 21) .
SINDING-LARSEN-JOHANSSON DISEASE
Sinding-Larsen-Johansson disease is a juvenile osteochondrosis and its predilection age tends to slightly younger than that of Osgood-Schlatter disease. The former affects the distal pole of the patella at the proximal insertion of the patellar tendon. Consequently, the symptoms of Sinding-Larsen-Johansson disease are similar to those of jumper's knee. Sinding-Larsen-Johansson disease is clinically characterized by pain localized at the distal pole of the patella, increasing during flexion combined with loading of the knee joint. Other clinical features include swelling of the infrapatellar soft tissues and functional limitations (3, 22) . The disease is caused by repetitive microtraumas and excessive prolonged stress occurring on a specific skeletal region that is both mechanically and biologically weak, when the stress exceeds the intrinsic resistance.
In Sinding-Larsen-Johansson disease, ultrasonography shows cartilage and patellar tendon swelling at its proximal insertion and fragmentation at the patellar distal pole (22, 23) (Fig. 4) . Some types of fragmentation may also be seen. Although Sinding-LarsenJohansson disease is a relatively common injury in adolescent athletes, few reports have examined it in detail.
BIPARTITE PATELLA
Bipartite patella is also a juvenile osteochondrosis, with a predilection age even younger than that of Sinding-Larsen-Johansson disease. In 1975, Green described the cases of three boys with painful bipartite patella in whom pain was relieved by excision of the accessory ossification centers (24) . Since this report was published, bipartite patella has been observed as a cause of anterior knee pain in adolescents and young athletes. Bipartite patella is classified into three groups. In the first group, the patella is divided by a transverse split line into an upper large bone fragment and a lower small bone fragment. In the second group, the patella is divided by a longitudinal split line into an outer one-fourth bone fragment and an inner three-fourths bone segment. In the third group, the patella is divided into a relatively large inner lower bone fragment and small upper outer bone fragment (25) . The most common symptom is pain at the separated fragments during or after strenuous activity. Localized tenderness over the separated fragments is the most common physical finding.
Ultrasonographic examination of the bipartite patella shows an irregularity in the bony contours, with occurrence of a cleft between the main part of the patellar body and the large superolateral accessory ossicle. The signal detected in the interface between bones is less echogenic than bone, reflecting its fibrocartilaginous nature (26) . Furthermore, neovascularization can be noted on color Doppler ultrasonography surrounding the ossicle (Fig. 5) , at the insertion of the vastus lateralis muscle or the area between the fragment and the patella. While bipartite patella is also a common injury, few reports have described it in detail.
OSTEOCHONDRITIS DISSECANS OF THE KNEE
Osteochondritis dissecans (OCD) has been defined as a localized process wherein a focus of subchondral bone and adjacent articular cartilage separates from the surrounding bone (27 -31) . Given that the knee is the most common location for OCD development and that this lesion is typically found in individuals who participate in sports, the hypothesis of repetitive microtrauma as the causative pathology has gained favor. However, the cause of OCD remains controversial, as does the most appropriate treatment for the varying degrees of OCD lesions (29) . The yearly incidence of OCD is reportedly between 0.02% and 0.03% (27) , with a male to female ratio of 2 : 1 (32). This is one of the severest injuries affecting athletes because if fragmentation has progressed to the terminal stage, structural regeneration is not possible.
OCD is detected using radiography, CT, and MRI. MRI is considered the most useful modality because the immature condyle of the femur can sometimes shows ossification variants (33) . Ultrasonography can show the fragmentation and discontinuity of the subchondral bone of the femoral condyle (34) (Fig. 6) ; however, it is difficult to distinguish between various degrees of OCD and its ossification variants using ultrasonography. Therefore, further study and research are needed to clarify these differences.
On the other hand, ultrasonography can be used in the treatment of OCD, as reported by Berná-Serna et al., who showed good results using ultrasonography -guided percutaneous drilling (35) .
SYMPTOMATIC ACCESSORY NAVICULAR
Generally, the accessory navicular is one of the most common accessory ossicles of the foot. The prevalence of the injury is thought to be 4-21% in the asymptomatic population. This condition has a higher incidence in women, and 50-90% of cases have bilateral ossicles (36) . This entity is usually asymptomatic, and 
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pain may occur following a sprain in many cases. The accessory navicular is classified into three types (37) . Type 1 is defined as a small accessory bone within the distal posterior tibialis tendon with no cartilage connection to the navicular tuberosity, appearing to be a sesamoid bone. Type 2 refers to a triangular secondary ossification center of the navicular tuberosity, which is connected to the navicular by fibrocartilage. Many cases of symptomatic accessory navicular belong to type 2. Type 3 is considered to result from osseous fusion of the ossification center, resulting in a prominent navicular tuberosity.
Occasionally, the posterior tibialis tendinitis is the cause of medial foot pain (38) . Ultrasonography is a highly effective method for the evaluation of tendinous abnormalities, since evidence of a diffusely edematous tendon with surrounding fluid or frank rupture can easily be detected with high-resolution equipment (39) . Thus, ultrasonography can show not only the shape of the accessory navicular and navicular tuberosity but also the presence of swelling of the tibialis posterior tendon or inflammation of the surrounding tissues (38) . Several types of inflammation are observed as abnormal blood flow in ultrasonography. For example, abnormal blood flow may be noted between the accessory navicular and the navicular tuberosity as well as at the enthesis of the tibialis posterior tendon. Ultrasonography allows the discrimination of various conditions in the symptomatic accessory navicular (Fig. 7) .
CONCLUSION
Ultrasonography can reveal characteristic findings in overuse sports injuries that occur not only in adolescents but also in adults. To date, radiography, CT, and MRI have been the primary imaging modalities for these injuries ; however, recent advances have allowed ultrasonography to be considered in their ranks. Despite the rapid advances in ultrasonography, some injuries need further study. Certainly, ultrasonography has some limitation. For example, it depends on the operator's skill whether clear images can be described. Moreover ultrasonography cannot show the inside of bony cortex or the parts surrounded with bones. However in consideration of these limitations, given the usefulness of ultrasonography, especially in treatment, it is expected to become an essential for overuse injuries affecting the lower limb in athletes.
